ABSTRACT
INTRODUCTION
At this moment in time, wind power is set to become one of the major energy resources because it is a clean energy source. Also, it is one of the available nontraditional energy-giving [1] .
The wind is a random variable difficult to measure difficult to master, for this, Researchers developed a mathematical algorithms enable to extract the maximum power of wind.
Today, the variable speed wind energy conversion system (WECS)are continuously increasing their market share, because it is possible to track the changes in wind speed by adapting shaft speed, thus maintaining optimal energy generation [1] .
In the recent years, most development in the field touched the MPPT algorithm and pitch control. But the intermediate control which the speed is controlled to be constant is not mentioned, the reference [6] presents a constant speed operation algorithm Unproven and unclear.
The purpose of this paper is to present various wind turbine control systems for different objectives as maximum wind power tracking and constant speed operation. Firstly, we present the wind turbine model, which has been designed to simulate the dynamics of the system from the turbine rotor where the kinetic wind energy is converted to the mechanical energy. In second parts, the different control system are described and compared with the help of simulations [4] .
WIND TURBINE MODELING
The reference [6] developed a simulation model of wind turbine and compares its results with practice tests. The results presented showed the high reliability of the model.
Turbine modelling
The power of wind is proportional with the cube of the wind speed:
Where: -the air density, -the swept area of the turbine, -the wind velocity. The power coefficient ( ) represents the aerodynamic efficiency of the wind turbine. It depends on the tip speed ration λ and the blade pitch angle (β).
For the wind turbine used in the study, the following form has been derived from 
The tip-speed-ratio is defined as the ratio between the blade tip speed and the wind speed: Using the C , aerodynamic power P is determined by:
The aerodynamic torque C is determined directly by:
Gearbox modeling
The gearbox has the task to transfer the aerodynamically power from the slow rotating shaft to the fast rotating shaft, which derives the generator at the mechanical speedΩ . It is mathematically described by the following equations:
Where: -the gear ratio.
Drive train modelling
The drive train is composed of the mass corresponding to the large turbine rotor inertia representing the blade and the hub, and a small inertia representing the rotor mass of the generator. The proposed model only includes the turbine rotor because this part has the most significant influence on the power fluctuations. The acceleration is governed by the following equation
The drive train is constituted of the mass representing to the turbine rotor inertia ( ) including the blade and the hub, and an inertia ( ) representing the rotor mass of the generator. The total inertia ( ) is expressed by (7) The fundamental equation of dynamics can determine the evolution of the mechanical speed (Ω ) from total mechanical torque ( ) applied to the rotor:
The total inertia ( J), which appears onto the generator rotor, represent the acceleration time constant. Taking into account the electromagnetic torque (C and the viscous torque (C ), the torque balance yields: (9) The flexibility of the shaft is modeled as stiffness:
.
The wind turbine model output is the aerodynamic torque applied on the gearbox. The inputs of the wind turbine model are the wind speed, the pitch angle and the turbine rotor speed.
The gearbox model transforms the mechanical speed and the aero dynamical torque respectively into the turbine rotor speed and the gearbox torque. The drive train model output is the mechanical speed and has two inputs: the gearbox torque and the electromechanical torque provided by the generator [4] .As illustrated in Fig. 3 . Fig. 3 shows that to control the turbine speed must be acting on two inputs: the blade pitch angle and the electromagnetic torque of the generator. The wind speed must be considered as a perturbation input for the system [4] . DFIG based wind generator for wind speed ranging from 6 to 14 m/s [3] . After the starting, a control strategy is designed to extract the Maximum power from the wind. In a third region, the mechanical speed is regulated to a value constant [7] .
In the last region, a pitch control enables to limit the power to a maximum rated value.
Maximum wind power extraction control:
For a given wind speed the goal of the maximum power extraction is to regulate the turbine rotating speed to an optimal speed so that the maximum power can be captured from the wind [1] .
It is observed that, for each wind speed, there exists a specific point in the output power versus rotating speed characteristic where the output power is maximized. This technique consists in adjusting the electromagnetic torque of the generator in order to control the speed to the reference value. Other torques, which are applied to the shaft, are then considered as perturbation inputs [2] .
According to (4) , at a certain wind speed and certain pitch angle the available aerodynamic power depend on tip-speed ratio.
By replacing λ λ and C =C λ , one obtains the mechanical power reference for the second region of the power-wind speed curve:
And hence, the electromagnetic torque reference is given by: 
Constant speed control
In the case of a constant mechanical speed operation, the MPPT algorithm must be replaced by an algorithm for obtaining an operation at constant mechanical speed.
To reach this purpose, the tip-speed ratio should be adjusted to maintain a constant mechanical speed. We defined the tip-speed ratio by:
And (15) If the mechanical speed is constant (equal to 90% of rated mechanical speed) will be:
Where:
The tip-speed ratio which corresponds to a constant mechanical speed is expressed by:
(18)
Pitch control
At higher wind speed, wind power generation is limited at its rated power by pitch control. The pitch control will be activated either when mechanical wind power is larger than its rated value, or the mechanical speed is larger than its upper limit which is typically 1.2p.u [2] .
To reach this purpose, the power conversion Coefficient should be adjusted to maintain a constant power. The control structure has been simulated assuming an average wind profile about (8 m/s) (Fig. 7) .
The equation characterizing the wind is given by:
2 sin 2.665 2 sin 0.147 0.2 sin 3.6645 8.
From the simulation results correspond to this control algorithm, the variations in the mechanical speed are To validate the algorithm for a constant mechanical speed operation, we applied to the turbine an increasing wind profile up to 20 m / s, over a period of one hour (Fig.  10) . Fig. 12 , represent the evolution of the mechanical speed, when the mechanical speed reaches 90% of its rated value, the control algorithm acts to make the mechanical speed constant. The tip speed ratio is maintaining constant during MPPT operation, and changed according the variation of the wind speed, allowing to a constant mechanical speed operation (Fig. 13) .
To maintain a constant speed, the efforts are focused on the torque and the electrical power is proportional the electromagnetic torque. 
CONCLUSIONS
This present work is intended to study the conversion chain of wind energy into electricity, its control strategy for different objectives.
The operation of the subsystems constituting the conversion chain is described, modeled and evaluated using Matlab/Simulink. Which we present a new algorithm in the case of constant speed operation well demonstrate simple and efficient, the results presented showed the high reliability of the control algorithm. The variation of the speed ratio remains within the admissible limit. What makes this algorithm practical.
